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Held of the Invention 

The present invention relates to the intercon- 
nections between signals received and to be re- 
transmitted by a satellite. More specifically, the 5 
invention relates to a switching system in satellite 
communications enabling complete band-to-band 
and beam-to-beam connectivity involving signals of 
a variety of transmission bands available for sat- 
ellite applications. The invention is also applicable 10 
to other wireless communications systems, such as 
microwave cellular radio applications. 



BACKGROUND OF THE INVENTION 



When geo-stationary satellites were first intro- 
duced for telecommunication purposes, a satellite 
antenna beam covered the entire visible surface of 
the earth. Thus, any earth station, .couldiiopmmu- 
nicate with any other earth station as;]ong^as4he 
<iwo earth stations were visible ^jmultanepuslyrfrjom 
thejgeo^stefionary satellited The International Radio 
Regulations of the International Telecommunication 
Union (ITU) provide for the allocation of radio fre- 
quencies of all radio services including the specific 25 
frequency bands for satellite communications. 
These bands are usually allocated in segments of 
about 250 MHz, 500 MHz or sometimes 1000 MHz. 
As the demand for satellite capacity increases, 
these allocated bands need to be re-used several 30 
times for each satellite orbital location. One way of 
re-using the allocated bands is to cover the visible 
surface of the earth not by a single antenna beam, 
but by a number of spot or zone beams that are 
mutually isolated. Each of these spot beams can 35 
reuse the allocated bandwidth once (or twice if 
orthogonal polarizations are used). 

The need for qnftoai^s^teljite 
. y/gan when multiple spot ~beam» (orzone tgam) sat- 
\C ellites weTe deployed to reuse the allocated fre- aq 
quency spectrum. With<:multiple^sppJibeams, flexi- 
bility in beam-to-beam connectivity must be main- 
tained in order for an earth station covered by one 
satellite beam to be able to communicate with 
another earth station covered by another beam. For 45 
example, if four spot beams were used to re-use 
the available spectrum four times, a 4x4 switch 
matrix would be required to provide complete oper- 
ational flexibility in connectivities, a switching ma- 
trix as shown in Figure 1 would be required. 50 

As shown in Figure t , four separate uplink spot 
beams are received by a satellite's receive anten- 
nas 9 and receiver circuitry 5 and are input to a 
four-by-four switch matrix 6. At the switch matrix 6, 
^/ each received < spot beam -is directed towar ds a '* p 55 
particular switch matrix output terminal based on 
control signals fromcontrot unit 7 to thusj^eate^ 
^ansmissjon links through the ^switch matrix. The 



switch matrix outputs are next sent to the satellite's 
transmitter circuitry 8 and" to the tra^smrt antenjras 
r 10 which send downlink spot beams to a d^es- 
rignated earth station depending on the configura- 
tion of the satellite's switch- matrix 6 described 

\- - — ■ - . y 

above. In this way, for example, information con- 
tained in uplink spot beam 1 may be commu- 
nicated to downlink spot beam 4 by causing the 
switch matrix 6 to temporarily hardwire a connec- 
tion between its top-most input terminal and its 
bottom-most output terminal. 

For reasons of efficiency, all communication 
satellites subdivide the allocated bands into narrow 
band channels, orc trarfspdhders as they are com- y 
monly called, because of the frejquency tr ans,la tigny\ 
between the uplinks and the downlinks for eachfbf 
the channe(sT As an example, if 500 MHz -is avail- 
able as an allocated band's bandwidth and the 
band is sub-divided into six 80JMHz channels^(with 
20 guard bands)? then <six ~4x4 iswitch_ m atrices, He. , 
one^foT each channel, will_be_ required. Figure 2 



75 



shows how channel-by-channel ^afrix ;switchifigV 
^might be accomplishedjt^^ sty 

In Figure 2, an allocated transmission band has 
been divided into N channels. Figure 2 closely 
resembles Figure 1 , except that, in Figure 2, N 
matrix switch units (61 through 6 N ) are provided in 
order to switch signals of one uplink beam trans- 
mitted to the satellite using a particular channel, to 
a differently numbered downlink beam using the 
same particular channel. In general, matrix switch- 
ing must occur between signals of the same fre- 
quency. Thus, if a band is divided into N channels, 
then N matrix switches are needed in order to 
maintain complete flexibility in switching between a 
channel of any uplink beam and that same channel 
of any downlink beam. 

The terms "beam", "band", and "channel" will 
be used repeatedly in the following disclosure. It is 
to be noted that antenna beams are spatial entities 
that relate to the satellite antenna coverages or 
footprints on the earth's surface. "Band" refers to 
an allocated segment of the frequency spectrum 
for satellite communications and therefore it is an 
entity in the frequency domain. "Channel" is a sub- 
unit of a band, i.e., a band is usually divided up 
into a number of small contiguous frequency seg- 
ments called channels. A number of frequency 
contiguous channels would therefore constitute a 
band. Nearly all existing earth stations are capable 
of communicating within all the channels in a given 
band. For economic reasons and technical com- 
plexity, it is not common practice for one earth 
station to operate in more than one band ata time. 
Thus, fpj^^tellitesjthat lhaye multiple 7spnt beams.^ 
and multi-band pavlo ads. beam to bearrTconnec? 
ctiyityjs an extremejy important capability in order-? 
that ^aiL the earth stations operating in different 
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^eams and in different bandsbe" able^to~c6mmu- 
n i^aS^!SL©3ch qtherT /" 

In the early satellites that used multiple spot 
beams, only "static" switch matrices were used. 
Here, "static" implies that the switches can be 
conveniently reconfigured on an occasional basis. 
Once reconfigured, the switches are left in the 
"static" state for long periods of time (months or 
years). 

A single 4x4 static switch matrix can only pro- 
vide four distinct connection paths at any given 

>time. Using the example of four spot beams, there 
are 1 6 possible paths between the four uplink spot 
beams and the fqur^dpwnlink^spot b eams "( gunting^ 
self-connection -wjth[n jonj^bej5m~as a^possi^le 

$patrj£> Thus, four (4) channels, each with a 4x4 
switch matrix, will be required to provide complete 
connectivity to all of the four spot beams at all 
times. This arrangement can lead to inefficiencies 
as the traffic loadings of all the paths are not equal. 
Thus, some of the paths can be saturated, while 
some other paths remain lightly loaded. Since the 
capacity for each path is committed one channel at 
a time by switching, this arrangement is an ineffi- 
cient utilization of the capacity of the satellite. 

By the late 1960's, the concept of Time Di- 
vision Multiple Access (TDMA) was established and 
experimentally verified. This concept allows burst 
mode operation, i.e., the traffic information arrives 
at the satellite in non-colliding time bursts rather 
than in a continuous sequence. Based on this 
TDMA format, there will be short periods of time 
(guard time) between bursts when there is no traffic 
going through the satellite. If the switch matrices 
are designed to switch or reconfigure quickly within 
these short durations when no traffic is present, a 
higher level of connectivity can be achieved within 
a single switch matrix of a~single channel. This 
leads to better utilization efficiency of the channels. 
This concept of satellite switched TDMA or 
SSTDMA was first described in the late 1960's 
(W.G. Schmidt: "An on-board switched multiple- 
access system for millimeter-wave satellites," The 
First Digital Satellite Communication Conference, 
London, 1969; T. Muratani: "Satellite-Switched 
Time-Domain Multiple Access," EASCON, Oct. 
1974, Washington, D.C.), and it has been imple- 
mented on the current TDRSS satellite and the 
INTELSAT VI satellites. 

A number of papers were published in the 
1970's and the early 1980's on the switch matrix 
technology for SSTDMA applications, (for example, 
"Future outlook for satellite-switched TDMA sys- 
tem", Muratani, T. et al; International Astronautical 
Federation, 28th International Astronautical Con- 
gress. Prague, Czechoslovakia, Sept. 25-Oct. 1, 
1977; "Wideband, High Speed Switch Matrix De- 
velopment for SS-TDMA Applications", Prather, W. 



H. et al, International Conference on Communica- 
tions. Denver, CO, June 14-18, 1981, Conference 
Record, Volume 1. "A High Capacity Satellite 
Switched TDMA Microwave Switch Matrix", Cory, 

5 B.J. et al; National Telecommunications Confer- 
ence, New Orleans, LA, November 29- December 3, 
1981, Record, Volume 3. "Dynamic Switch Matrix 
for the TDMA Satellite Switching System". Ho. P.T. 
et al; 9th Communications Satellite Systems Con- 

w ference, San Diego, CA. March 7-11, 1982, Collec- 
tion of Technical Papers. "High-Speed Wide Band 
20 x 20 Microwave Switch Matrix", Coban, E. et al, 
International Conference on Communications, Bos- 
ton, MA, June 19-22, 1983, Conference Record, 

rs Volume 1). Generally, the matrix switching technol- 
ogies use RF (radio frequency) switching tech- 
niques, whereby the actual switching is done at 
microwave frequencies, i.e., at the frequencies 
where the satellite either transmits or receives its 

20 signals from earth stations. The RF switch matrix 
can provide a broadcast mode, i.e, a one-to-n type 
of connection, in addition to a one-to-one type of 
connection. This feature is utilized for the distribu- 
tion of reference bursts in conventional SSTDMA 

25 systems. The Muratani et al publication mentioned 
above discussed the possibility of beam combining 
using an RF switch matrix, although not required 
for SSTDMA applications. Some studies show that 
the switching could be more easily carried out at 

30 other (usually lower) frequencies. For these switch- 
es, frequency up and down conversion for the 
signals would be necessary. There are also pro- 
posals to perform the switching in "baseband", 
wherein the signals are demodulated back to their 

35 original formats and the switching is performed at 
that level rather than at RF. (See, e.g., U.S. Patent 
No. 4,425,639 to Acampora et al). Studies have 
also concluded that a large switch matrix (100x100) 
is feasible. 

40 By the early 1980's, the frequency domain 

equivalent to SSTDMA, i.e., Satellite Switched Fre- 
quency Division Multiple Access (SSFDMA), was 
proposed ("Direct Access Satellite Communications 
Using SS-FDMA", Kiesling, J.D.; 8th Communica- 

45 tions Satellite Systems Conference, Orlando, Fla., 
April 20-24, 1980, Technical Papers). The concept 
of SSFDMA was developed along the same lines ' 
as SSTDMA, i.e., to provide complete connectivity 
in a multi-beam satellite without sacrificing effi- 

50 ciency. While the SSTDMA switch matrix operates 
in real time by switching rapidly during the guard 
periods between the traffic bursts, the SSFDMA 
switch matrix remains in the "static" mode. Com- 
plete connectivity betwee n diffe rent usersjpf the? 

55 satellite in different beams~is~achieved by sub--^ 
d ividin g f6heJ:han^ 

ments of bandwidth called su b^h a nnels -and-conr 
verting_each subchanneHo a^j^mmon-frequency 
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(usually a lower intermediate frequency) so that 
^static : matrix switching can now be performed? 
Since a channel is thus" subKlivided into many 
small sub-channels, complete connectivity between 
all the beams can be provided within one channel, 5 
thereby (^mmrtting only the necessary capacity Ipr 
each - of—the paths between the bearns. Thus 
SSFDMA "achieves the same objectives as 
SSTDMA in the frequency domain rather than in 
the time domain. io 

During the 1980's, refinements were made to 
both the SSTDMA and SSFDMA concepts 
("SS/FDMA System for Digital Transmission - Ap- 
plication of Bandwidth-Variable SAW Filter Matrix 
for Efficient Interbeam Connection in Multibeam 75 
Satellites", Shinonaga, H. et al; ICDSC-7; Proceed- 
ings of the Seventh International Conference on 
Digital Satellite Communications, Munich, West 
Germany, May 12-16, 1986; "Non-Regenerative 
Satellite Switched FDMA (SS/FDMA) Payload 20 
Technologies", De Santis et al, International Jour- 
nal of Satellite Communications (ISSN 0737-2884), 
Vol. 5; "System and Hardware Aspects in Ad- 
vanced SS-FDMA Satellite Systems", Ananasso et 
al, AIAA International Communication Satellite sys- 25 
terns Conference, 12th, Arlington, VA, Mar. 13-17, 
1988; U.S. Patent 4,858,225). Mixed operation of 
SSTDMA and SSFDMA with SSTDMA operating at 
a fixed bit rate and SSFDMA with variable bit rates, 
i.e., variable sub-channel bandwidth was proposed 30 
by Shinonoga et al. DeSantis et al. and Ananasso 
addressed the technologies required to bring 
SSFDMA into practice, since mass and power con- 
sumption of the SSFDMA hardware could have 
limited the usefulness of the technique. The U.S. 35 
patent referenced above introduced the concept of 
variable bit rate SSTDMA in addition to variable 
bandwidth SSFDMA co-existing in a switch matrix 
that is highly reconfigurable, all operating within 
one channel. 40 

The above discussion of the state-of-the-art in 
satellite switching technology involves the provision 
ofcbeam-to^beam connectivity^ an efficient man- 
ner. All the techniques developed so far provide 
communication paths for users within a channel, 45 
either in the time domain via SSTDMA traffic bursts 
or in the frequency domain via SSFDMA sub-chan- 
nels within the channel. The channel bandwidth of 
a typical satellite varies from about 36 MHz to 
about 80 MHz in most satellites, whereas the avail- 50 
able frequency spectrum for FSS (fixed satellite 
services) satellite communications is allocated in 
bandwidths of 250 MHz, 500 MHz or sometimes 
1000 MHz segments. Complete band-to-band con- 
nectivity has not yet been addressed in the prior 55 
art. 

Early satellites used the C-band for commu- 
nications. The uplink frequency band of the C-band 



is from 5.925 GHz to 6.425 GHz and the downlink 
is from 3.7 GHz to 4.2 GHz. INTELSAT VI includes 
an additional C-band segment from 5.80 GHz to 
5.925 GHz and 3.625 GHz to 3.7 GHz. During the 
late 1970*3, domestic Ku-band satellites were intro- 
duced to augment C-band satellites. These sat- 
ellites operate from 14.0 GHz to 14.5 GHz for the 
uplink and 11.7 GHz to 12.2 GHz for the downlink 
in ITU Region 2 and 12.2 GHz and 12.75 GHz for 
the downlink in Regions 1 and 3. As the demand 
for satellite capacity grows, the availability of great- 
er bandwidths for satellite communica tions will be 
considered. Planners are now* ' c^ntemplatingT!5n 
using the Ka-bands (30/20 GHz) in the ITU alkxja- 
(tions for fixed satellite services in the future 1 . 

There are many uplink and downlink ITU band 
segments from the C-band thoughjthe^-tond aneh 
even in to the K aj>an d allo cated to:satellite:commu- 
mcSlons.£Figure 3 illustrates some of the bands 
currently allocated to satellite communications by 
the ITU. Most domestic satellites operate in either 
the C-band or the Ku-band. A few carry multi-band 
pay loads, and complete connectivity between the 
bands is usually not provided. INTELSAT began 
using dual band pay loads on the INTELSAT V's in 
the early 1980*s. A form of partial cross-connection 
between the bands was available on the INTELSAT 
V spacecraft. With the introduction of the INTEL- 
SAT VA IBS spacecraft, the band-to-band cross 
connectivity was extended and made switchable in 
a somewhat restrictive manner. ^(Sot^jLthejup|inl^ri 
bands ajnfcT beamsrcan connected to al I the I 
downlink bands and beams; i .e.r complete "connec?; I 
tlyjtylis^not ayaila^e. This lack of complete band- 
to-band as well as complete beam-to-beam con- 
nectivity has been a result of the need to provide 
reliable satellites and the need to minimize the 
payload complexity based on known payload ar- 
chitecture. Therefore, up to now, there has been no 
known simple way of providing complete band-to- 
band as well as complete beam-to-beam connec- 
tivity, though beam-to-beam connectivity is known 
from e.g., U.S. Patent 4,181,886. 

A satellite operator with C-band, Ku-band and 
Ka-band payloads on board a multi-beam satellite, 
using known single interconnection techniques, 
must contend with severe band-to-band connec- 
tivity limitations, in addition to beam-to-beam con- 
nectivity limitations. There would be great utility in 
a satellite capable of universal connectivity be- 
tween any two bands and between any two beams 
on a channel-by-channel basis. In addition, in order 
to be compatible with existing spacecraft, means 
should be available to provide (i) the SSTDMA 
switching function on a channel-by-channel and on 
a beam-by-beam selectable basis, (ii) a broadcast 
mode (i.e., 1 uplink spot beam to n ^wjilink spot ; 
(beams) and a beam combining 'mqd^ 
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spot-. beams- to— 1 j^qwnnnk~._sj^C a 
channel-by^hannel and on a beam-by-beam selec- 
table basis, and (iii) a pay load architecture that is 
simple, efficient and compatible with the existing 
technologies in satellite signal interconnection sys- 
tems. 

No satellite signal interconnection system 
known to the inventors provides all of these fea- 
tures. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present in- 
vention to provide an interconnection system for 
satellite signals in which complete band-to-band 
connectivity is possible. 

It is a further object of the invention to provide 
an interconnection system for satellite signals in 
which complete beam-to-beam connectivity is 
made possible. 

I ^ It is a further object of the invention to provide 

an interconnection system for gatgllite-signajs in 
^hich complete^or partial xh^nelEtc^rj^nel: con- 
^ ^nectivity is made possibles 
— It is a further object of the invention to provide 
an interconnection sy^em r f6rjsatejlite~sjgnal7in 
^which complete band^o-band and xdmpletejbeam- 
to-beam connecti vity : 3_rrcL complete Zofl Tpartial 
_^ channel-tb-channel connectivity is" made ^ssibl§7 
"It is still further an object of the invention to 
solve the problems discussed above with respect 
to conventional satellite signal interconnection sys- 
tems. 

The new interconnection system architecture 
combines the techniques of SSFDMA and matrix 
switching in a unique manner to simplify the overall 
design and to achieve the above-stated desired 
objectives. In the invention, a plurality of bands or 
channels are converted to a common frequency 
before matrix switching occurs in order to provide 
not only complete connectivity between beams 
within any frequency bands but also between 
beams of any channel within any band. The par- 
ticular payload architecture disclosed is adaptable 
to communicate between any number and com- 
bination of uplink channels, uplink bands and uplink 
beams and any number and combination of down- 
link channels, downlink bands and downlink beams. 

To solve the complete band-to-band connec- 
tivity problem, the SSFDMA technique is first used, 
not on a single channel, but on the entire band. 
Next, the complete band-to-band and beam-to- 
beam connectivity problem is solved by combining 
the results of the application of the SSFDMA tech- 
niques on a band-by-band basis with the use of the 
matrix switching technique. The band-to-band con- 
nectivity and the beam-to-beam connectivity are 
now both provided within the same switch matrix. 



Other features such as beam combining on the 
uplinks, broadcasting on the downlinks, and 
SSTDMA switching for selected channels can all 
be provided within the same switch matrix. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a conventional satellite signal 
interconnection system. 
io Figure 2 shows another conventional satellite 
signal interconnection system. 

Figure 3 shows various bands currently al- 
located for satellite communication by the ITU. 
Figure 4 shows an example of the complete 
is band-to-band connectivity result provided by the 
invention. 

Figure 5 shows an embodiment of the inven- 
tion. 

Figure 6 shows an implementation of a switch 
20 matrix of the invention to enable a signal 
summation/combination mode. 

Figure 7 shows another implementation of a 
switch matrix of the invention to enable a broad- 
casting mode. 

25 Figure 8 shows yet another implementation of 

a switch matrix of the invention to enable use of 
TDMA techniques. 

DETAILED DESCRIPTION OF THE PREFERRED 
30 EMBODIMENTS 

This invention solves all of the above problems 
by combining some of the existing concepts into a 
new and simple payload architecture to provide 

35 complete band-to-band as well as complete beam- 
to-beam and complete or partial channel-to-channel 
connectivity. As a result, this new payload architec- 
ture will be compatible with previous satellite pay- 
loads by offering all of the features now available 

40 on satellites in use today and it will offer additional 
new features that beforehand had not been avail- 
able on existing or planned satellites. It should be 
pointed out that all previously known switching 
concepts and techniques have not addressed the 

45 problem of complete band-to-band connectivity. 
Previous techniques relating to beam-to-beam con- 
nectivity within a channel will be complementary to 
this invention, whereas this invention addresses the 
provision of complete band-to-band connectivity as 

so well as complete beam-to-beam connectivity. 

Figures 4 and 5 together describe the basic 
concepts used in this new payload architecture. 
The desired result, i.e., complete band-to-band 
connectivity is shown in Figure 4. As shown in 

55 Figure 4, four uplink bands U A , U B , U c and U D in 
the Ku-band (i.e., between 14 and 14.8 GHz) are 
shown communicating with five downlink bands D A , 
D B , D c , D D and D E also in the Ku-band (i.e., be- 
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tween 10.95 and 12.75 GHz). Uplink beams from all 
of the four uplink bands are converted to a lower 
frequency in the C-band (i.e., 3.7 to 3.95 GHz). 
This frequency transformation draws on techniques 
used in SSFDMA. However, in conventional 
SSFDMA a plurality of sub-channels within a chan- 
nel are converted to a common frequency before 
matrix switching occurs in order to provide com- 
plete connectivity between beams within a channel 
of a particular band. 

Figure 5 shows one embodiment of a circuit for 
implementing the satellite payload architecture of 
the present invention. Circuit components which 
also are included in the conventional systems of 
Figures 1 and 2 are labeled with the same refer- 
ence numerals as those used in Figures 1 and 2. A 
major difference between the circuit of Figure 5 
and that of Figures 1 and 2 is that in Figures 1 and 
2 the input uplink beams are all of the same band. 
Therefore, the circuit of Figures 1 and 2 provides 
complete connectivity between the beams within a 
band. In the circuit of Figure 5, however, the input 
uplink beams come from four different bands. 
Therefore, the circuit of Figure 5 allows for com- 
plete connectivity among four different uplink 
bands and five different downlink bands. Although 
the displayed embodiment shows complete con- 
nectivity between various bands in the Ku-band, 
the circuit is easily adaptable to handle complete 
interconnections between any bands including the 
C-band, the Ku-band and the Ka-band. 

The circuit of Figure 5 will now be described in 
detail. Uplink beams 1-4 from any band available 
for satellite communications are input to receive 
antennas 9 and receiver circuitry 5. Next, each 
uplink input signal is sent to a frequency down 
converter section 100 having a multiplier 102 and a 
fixed frequency oscillator 101. Each input signal is 
sent as an input to a multiplier 102 with the other 
multiplier input being provided by a fixed frequen- 
cy oscillator 101. All frequencies f A -fo of the fixed 
frequency oscillators 101 are set to be in the same 
frequency band, preferably in the C-band. In this 
way, the output of each of the frequency down 
converter sections 100 is a signal in the same 
frequency band. This frequency transformation 
must occur because all of the inputs to a switch 
matrix must be of the same frequency band in 
order for a conventional switch matrix to be used. 
While experience has shown that down-converting 
to a common bandwidth is preferred, it is within the 
contemplation of the invention to provide a system 
in which up-conversion to a common frequency 
bandwidth is provided. 

The signals are then divided according to the 
desired number N of channels, each channel hav- 
ing a bandwidth which is a segment of the band- 
width of the total band of the frequency-trans- 



formed uplink signal. If so desired, the N channels 
referred to above may be further transformed to a 
second common frequency, as is well known in 
SSFDMA, so as to permit channel-to-channel con- 

5 nectivity. 

The switch matrix 6\ then, forms interconnec- 
tions in a well-known manner between the 4N in- 
puts and the 5N outputs, i.e., by receiving ground 
commands via the control unit T to control the 

70 on/off switch states of the various possible 
input/output connection paths. 

Each N of the 5N switch matrix 6* outputs is 
next fed to a frequency up-converter section 200 
having a fixed frequency oscillator 201 and N mul- 

15 tipliers 202. 

An output of the fixed frequency oscillator 201 
of each frequency up-converter section 200 is ap- 
plied as an additional input to each of the N mul- 
tipliers. The signal output from each of the N 

20 multipliers is thus elevated in frequency up to a 
desired downlink band frequency and sent to the 
satellite's transmitter circuitry 8 and on to the sat- 
ellite's transmitter antenna 10 for transmission as a 
downlink beam. 

25 Of course, if the up-conversion alternative on 

the input side of switch matrix 6' is performed, 
down-conversion rather than up-conversion, should 
be performed, prior to transmission as downlink 
beams. 

30 It can be observed that complete connectivity 
is now achieved for all the bands and for all the 
beams. Figure 5 shows that the switching is per- 
formed for all channels in all bands in one switch 
matrix. In practice, this switch matrix may become 

35 too large if all the channels from all the beams are 
switched within a single switch matrix. 

Alternatively, the circuit of Figure 5 can be 
altered so that N different switch matrices are used 
instead of only one. Each switch matrix can be 

40 arranged to handle only the switching of each of 
the channels within the applicable bands. For ex- 
ample, switch matrix number 1 (of N total switch 
matrices) provides switching among all of the chan- 
nel 1 signals in all of the bands. If so desired, the 

45 dimensions of the switch matrices can be enlarged 
so as to provide additional input and output ports 
which can be used in combination with channel-to- 
channel frequency translaters located between the 
additional output ports of one switch matrix and the 

so additional input ports of another switch matrix to 
permit channel-to-channel connectivity. For exam- 
ple, a switch matrix corresponding to channel 1 (of 
N channels) may be provided with an additional 
output port and a switch matrix corresponding to 

55 channel 2 may be provided with an additional input 
port. A frequency translater, which translates the 
channel 1 signal output from the channel 1 switch 
matrix to a frequency corresponding to the channel 
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2 frequency, is inserted between the channel 1 
switch matrix additional output port and the channel 
2 switch matrix additional input port in this exam- 
ple. In this way, connectivity between channels 1 
and 2 has been accomplished. Complete or partial 
channel-to-channel connectivity may be provided 
as desired by including the appropriate additional 
input and output ports and the appropriate fre- 
quency translators between the appropriate switch 
matrices. 

Also, it is possible to further modify the ar- 
rangement of Figure 5 so that an uplink beam is 
down-converted and divided into channels as de- 
scribed above, but is not input to a switch matrix. 
For example, some channels served by global cov- 
erage beams do not need to be switched since 
global beam coverage guarantees that each user 
can communicate with every other user using the 
same beam. 

The above description shows that complete 
band-to-band connectivity and complete beam-to- 
beam connectivity are available from this new pay- 
load architecture. The following describes other 
features that are also available in this payload 
design. 

For coupler type cross-bar switch matrices (as 
disclosed in the Muratani et al. and Prather et al. 
publications) uplink beam combining and downlink 
broadcasting modes are available. These two 
modes as provided in the present invention are 
illustrated in Figures 6 and 7 respectively. 

The uplink beam combining mode is shown in 
Figure 6. Four input uplink signals Si through S4 
are shown input to a switch matrix along four 
separate horizontal matrix input lines 1 through 4. 
Each of the horizontal input lines enters a closed 
switch junction (indicated by a black dot) which are 
lined up vertically along vertical output line D. 
Thus, a combined signal made up of the four input 
signals Si through S* is output along matrix output 
line D. 

The downlink broadcast mode is shown in Fig- 
ure 7. One input uplink signal S2 is input to a 
switch matrix along horizontal matrix input line 2. 
Horizontal matrix input line 2 intersects five vertical 
matrix output lines at closed junctions. Thus, signal 
S2 is connected to five vertical matrix output lines 
A through E and the signal S2 is "broadcast" as 
downlink beams via the five matrix output lines. 

The present invention applies this type of 
cross-bar switch matrix in a payload architecture to 
derive the benefit of the beam combining (or signal 
summation) mode and the broadcast mode. Once 
this type of switch matrix is used, the switch can 
be partitioned into areas that provide different 
modes of operation. For example, part of the switch 
could be providing the combining or summation 
mode (N-to-one), part of the switch could be pro- 



viding the broadcast mode (one-to-N), part of the 
switch could be providing combined summation 
and broadcasting (n-to-M), and part of the switch 
could be providing direct one-to-one connections 

5 as shown in Figure 5. A further embodiment is to 
partition the matrix switch in such a way that a 
portion of the switch would provide the SSTDMA 
switching functions for a number of selected beams 
and channels. An example of this SSTDMA type of 

to operation using a switch matrix is shown in Figure 
8. 

In Figure 8, horizontal matrix input lines 3 and 
4 are shown connected to vertical matrix output 
lines D and E by dynamically switched junctions. 

75 Therefore, at one point in time, uplink signal S3 
input along matrix input line 3 is connected to 
matrix output line D, and at a later point in time, 
uplink signal S4 input along matrix input line 4 is 
connected to matrix output line D, thus providing 

20 the SSTDMA operation. 

It should be noted that the switch control would 
be somewhat simpler if SSTDMA were not used. It 
can be decided at the planning stage how many 
channels would need to be equipped with the 

25 SSTDMA capability, i.e., not all switch matrices 
need to have the complete control and timing func- 
tions needed by the SSTDMA. 

It also should be pointed out that the above- 
described mixed combining/summation, broadcast- 

30 ing and SSTDMA modes of operation have never 
before been available together on any known 
spacecraft. Neither has this mixed mode been 
made available together with complete band-to- 
band connectivity either as a proposal or in an 

35 actual spacecraft. 

This new payload architecture is not limited to 
using the coupler type of RF switch matrices. For 
example, if on-board demodulation and signal pro- 
cessing are incorporated into the payload, this new 

40 payload architecture can make use of baseband 
digital switching techniques to achieve the same 
objectives, i.e., the RF switch matrix could be re- 
placed by an equivalent baseband switch matrix 
with the attendant advantage of not degrading the 

45 G/T of the spacecraft when the switch provides the 
beam combining or signal summation function on 
the uplinks. 

For satellites that employ dual orthogonal an- 
tenna polarizations, this new payload architecture 
50 would treat the orthogonal polarization of each 
beam as a separate beam and process the signal 
accordingly without difficulty, i.e., this new payload 
architecture is compatible with dual polarized sat- 
ellites as well. 

55 Other advantages of the payload architecture of 

the invention will now be described. First, it should 
be noted that all of the connectivity switching is 
performed at low power levels in a switch in such a 
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way that the G/T of the spacecraft is not signifi- 
cantly affected. 

Second, apart from redundancy switching for 
the high power transmitter amplifiers, no "output" 
high power switching is needed after high power 
amplification prior to antenna transmission in the 
downlink. The elimination of loss in output switches 
which are not required for basic redundancy yields 
the highest possible efficiency for a given d.c. 
power requirement and reduces RF path loss 
equalization requirements. 

Third, the high power transmitters (usually 
TWTA's or SSPA's) can be optimized for each of 
the downlink bands rather than for more than one 
downlink band at a time, as would be the case if 
other types of on-board switching architecture are 
used. This calls for transmitter ring redundancy 
arrangements to be based on smaller rings rather 
than one large ring encompassing all of the trans- 
mitters. This is not a disadvantage in view of the 
fact that the band-to-band frequency separations 
can be quite large for a multi-band payload using 
the C-bands, the Ku-bands and the Ka-bands, etc. 

Due to the simplicity of this new payload ar- 
chitecture and the use of proven technology in the 
RF switch matrices, all the desirable features such 
as complete connectivity between all bands and all 
beams, completely flexible combining and broad- 
casting modes, and the retention of the SSTDMA 
option for selectable beams and channels are 
achievable with high reliability and availability. 

The present invention has been described with 
respect to satellite communications signals. How- 
ever, the invention also has applicability to ground- 
to-ground communications systems, such as micro- 
wave cellular radio systems. 

The scope of the invention is not to be limited 
by the above-described embodiments. Rather, the 
following claims define the scope of the invention. 

Claims 

1. In a wireless communication system, an ap- 
paratus for providing complete connectivity be- 
tween input signals of any frequency band and 
output signals of any frequency band, said 
apparatus comprising: 

input signal receiving means for receiving 
input signals of any of a plurality of frequency 
bands; 

first frequency converting means for con- 
verting the frequencies of said input signals to 
produce first frequency-converted signals hav- 
ing a common frequency bandwidth; 

switching means for receiving said first 
frequency-converted signals as inputs thereto 
and for interconnecting said first frequency- 
converted signals to pre-selected outputs 



'2 018A2 14 

based on desired transmission paths; 

second frequency converting means for re- 
ceiving said first frequency-converted signals 
from said switching means and for converting 
5 the frequencies of said first frequency-convert- 

ed signals to produce second frequency-con- 
verted signals; and 

output signaJ producing means for receiv- 
ing said second frequency-converted signals 
io as output signals and for transmitting them. 

2. An apparatus as claimed in claim 1 in which 
frequency bandwidths of said second 
frequency-converted signals correspond to 

75 said desired transmission paths. 

3. An apparatus as claimed in claim 1 in which 
said second frequency converting means con- 
verts the frequency of said first frequency- 

20 converted signals to said plurality of frequency 

bands. 

4. An apparatus as claimed in claim 1 in which 
said switching means is a microwave switch 

25 matrix. 

5. An apparatus as claimed in claim 4 further 
comprising a control means for controlling the 
switching of the microwave switch matrix. 

30 

6. An apparatus according to claim 1, wherein 
said first frequency-converting means com- 
prises down-converting means for down-con- 
verting the frequencies of said input signals to 

35 said common frequency bandwidth. 

7. An apparatus according to claim 6, wherein 
said second frequency-converting means com- 
prises up-converting means for up-converting 

40 the frequencies of said first frequency-convert- 

ed signals to frequencies of said output sig- 
nals. 

8. An apparatus according to claim 1 in which the 
45 outputs of said first frequency converting 

means are divided into an integer number N of 
channels and each of said N channels is input 
to said switching means. 

50 9. An apparatus according to claim 8 further in 
which signals of each of said N channels are 
frequency translated to a common frequency 
and the thus-frequency translated signals are 
input to said switching means, thus allowing 

55 complete channel-to-channel connectivity. 

10. An apparatus according to claim 8 in which 
said switching means comprises N switch ma- 
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trices, one for each of said N channels, and 
each one of the N switch matrices receives 
signals of a corresponding one of the N chan- 
nels. 

5 

11. An apparatus according to claim 10 in which at 
least two of said N switch matrices are pro- 
vided with at least one additional input port 
and one additional output port and further in 
which a frequency translator means is provided io 
between each such additional output port of 

any one of the N switch matrices and the 
additional input port of another of the N switch 
matrices so as to provide channel-to-channel 
connectivity. 15 

12. An apparatus as claimed in claim 1 wherein 
said wireless communication system is a sat- 
ellite communication system comprising an 
earth-orbiting satellite and associated ground 20 
communication stations for transmission and 
reception of communication signals. 

13. A method of wireless communication for pro- 
viding complete connectivity between input 25 
signals of any frequency band and output sig- 
nals of any frequency band comprising the 
following steps: 

(i) receiving input signals of any of a plural- 
ity of frequency bands; 30 

(ii) frequency converting said input signals 
to a common frequency bandwidth; 

(iii) interconnecting said frequency-convert- 
ed input signals to preselected terminals 
based on desired transmission paths; 35 

(iv) frequency converting resultant signals 
from said step (iii) for transmission. 

14. A method according to claim 13, wherein said 

step (ii) comprises the step of down-converting 40 
said input signals. 

15. A method according to claim 14, wherein said 
step (iv) comprises the step of up-converting 

the resultant signals from said step (iii). 45 

16. An apparatus as claimed in claim 1, wherein 
said input signals and said output signals are 
transmitted as respective pluralities of beams, 
each of said beams corresponding to one of 50 
said plurality of frequency bands. 
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